) organize into until kinetochores correctly attach to spindle microtua long tapered spindle ( Figure 2C ). As homolog kinetobules. In 1932, Darlington noted that sister-chromatid chores make stable attachments to microtubules, chiascohesion distal to the site of exchange also could play mate bivalents remain at the metaphase plate with their a vital role in maintaining the association of chiasmate kinetochores stretched toward the poles ( Figure 2C ).
/Df mothers, we support the model that arm cohesion provides a confrequently observed three or four hybridization signals served mechanism that ensures physical attachment ( Table 1 Table 1 ). In addition, ord 10 /Df oocytes were unable to some segregation in Drosophila males and females. The arrest at metaphase I (see below), and cohesion defects ord 10 allele contains a nonsense mutation at codon 24 were obvious in 72% of ord oocytes that had progressed and behaves as a null in genetic assays that utilize beyond metaphase I (Figures 2F-2H, Table 1 ). marked sex chromosomes to monitor the fidelity of meiAlthough our probe allowed us to assay centromeric otic chromosome segregation [4] . The frequency and cohesion directly, arm cohesion also was disrupted in classes of aberrant gametes recovered from ord 10 
/Df
ord oocytes, as evidenced by three or more FISH signals flies match those predicted if individual sister chromacontained within separate DNA masses ( Figures 2F-2H ). tids were to segregate independently through both meiOur FISH data combined with our previous genetic analotic divisions [4] . Random segregation of sisters proysis support the conclusion that loss of ORD function causes premature loss of arm and centric meiotic cohesion in both males and females. 10 /Df and ord ϩ /ord ϩ genotypes. In each of these oocytes, exclusion of tubulin staining from the nucleus was obvious. Those oocytes with a single tight DNA mass but no visible spindle were classified as being in prophase I. In these oocytes, exclusion of tubulin staining around the DNA was not observed, indicating that the nuclear envelope had broken down. Prometaphase I oocytes were defined as those in which nuclear envelope breakdown had occurred and short microtubules were visible in the vicinity of the DNA. However, these oocytes lacked a well-formed spindle. Metaphase I oocytes contained a spindle with tapered poles and chromatin at the metaphase plate. In oocytes undergoing reduced levels of recombination, achiasmate chromosomes frequently were found between the metaphase plate and the poles. However, metaphase I figures could be distinguished from anaphase I figures by the presence of chromatin still at the metaphase plate, often exhibiting a stretched appearance. Anaphase I oocytes contained a single spindle, chromosomes moving toward the poles, and no centrally located chromatin mass at the plate. Mutant oocytes that had progressed further than anaphase I were difficult to classify. In several cases, more than two spindles were visible and associated with variable numbers of chromatin masses. a The entire ord gene is deleted on the deficiency chromosome, Df(2R)W1370. b Although individual sister chromatids were not visible, the outline of the FISH signal was irregular (not round). c Not examined. d Two sets of two touching FISH signals were observed, suggesting that sisters were individualized but not separated.
Mutant females that undergo reduced levels of meiotic
In our analysis of 129 oocytes derived from ord 10 /Df mothers, we observed that no oocytes were arrested at recombination give rise to some oocytes in which no crossovers occur, and these oocytes fail to arrest at metaphase I with chromosomes centrally positioned on a well-formed spindle (Table 2) . We identified a number metaphase I [14] . However, a sizable percentage of metaphase I-arrested oocytes (17%) are still recovered of oocytes (18%) that were in early prometaphase I, as judged by the small number of short microtubules from mei-218 a4 females in which recombination levels are about 8% of wild-type [14] . These data support the starting to accumulate around the chromosomes ( Figure  2E , Table 2 ). All other oocytes had visibly entered or conclusion that, although the total number of crossovers is diminished in mei-218 oocytes, if a chiasma is formed, progressed beyond anaphase I ( Figures 2F-2H , Table  2 ). In some cases, we observed more than two spindles it remains stable until activation triggers the onset of anaphase I. and more than two masses of DNA ( Figure 2G ) and were unable to distinguish whether these oocytes were We tested whether sister-chromatid cohesion is required for chiasma maintenance in Drosophila oocytes undergoing the first or second meiotic division. However, it was clear that they were no longer arrested by using the cytological manifestation of metaphase I arrest as a marker for the maintenance of a stable chiasma at metaphase I. Moreover, defects in segregation were obvious, because the sizes of the segregating DNA in ord null oocytes. The level of meiotic recombination in ord codon and functionally behaves as a null [7, 16] . During the isolation and fixation procedures, it is posWe used confocal microscopy to examine wild-type and mutant meiotic figures in mature oocytes that had sible to artificially activate metaphase I-arrested Drosophila oocytes and cause them to enter anaphase I not undergone ovulation or activation. Two classes of wild-type oocytes were observed (Table 2) . Approxi- [10, 17] . However, we do not attribute failure to obtain metaphase I-arrested oocytes from ord 10 /Df mothers to mately one quarter of the oocytes were classified as prometaphase I based on their spindle morphology (Figin vitro activation during the manipulations necessary for our analyses. Oocytes from ord ϩ /ord ϩ females that ure 2B). The remainder of wild-type oocytes were arrested at metaphase I with a long tapered spindle and were processed at the same time were not artificially activated ( Table 2) . As an additional control, we also stretched chromosomes balanced at the spindle equator ( Figure 2C) . examined oocytes from ord 10 /ϩ and Df/ϩ heterozygous Oocyte stages were assigned as described in Table 1. females. In previous genetic assays, these females exdefects in oocytes also lead to reduced levels of meiotic exchange. Our data argue that, without cohesion, an hibited minimal meiotic chromosome segregation defects [4] . Like wild-type, approximately three quarters exchange event in ord oocytes does not result in the stable association of homologs. This is consistent with of the oocytes from heterozygous mothers were arrested at metaphase I ( analysis was restricted to mature oocytes that had not yet transited through the oviduct, the oocytes that we
